Chondrogenesis is known to be regulated by calcium-dependent signalling pathways in which temporal aspects of calcium homeostasis are of key importance. We aimed to better characterise calcium influx and release functions with respect to rapid calcium oscillations in cells of chondrifying chicken high density cultures. We found that differentiating chondrocytes express the ␣ 1 subunit of voltage-operated calcium channels (VOCCs) at both mRNA and protein levels, and that these ion channels play important roles in generating Ca 2+ influx for oscillations as nifedipine interfered with repetitive calcium transients. Furthermore, VOCC blockade abrogated chondrogenesis and almost completely blocked cell proliferation. The contribution of internal Ca 2+ stores via store-operated Ca 2+ entry (SOCE) seems to be indispensable to both Ca 2+ oscillations and chondrogenesis. Moreover, this is the first study to show the functional expression of STIM1/STIM2 and Orai1, molecules that orchestrate SOCE, in chondrogenic cells. Inhibition of SOCE combined with ER calcium store depletion abolished differentiation and severely diminished proliferation, suggesting the important role of internal pools in calcium homeostasis of differentiating chondrocytes. Finally, we present an integrated model for the regulation of calcium oscillations of differentiating chondrocytes that may have important implications for studies of chondrogenesis induced in various stem cell populations.
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Abbreviations: AM, acetoxy-methylester; ARC, arachidonate-regulated Ca 2+ -sensitive channel; ATP, adenosine triphosphate; CaMKII, Ca 2+ -calmodulin dependent protein kinase II; CPA, cyclopiazonic acid; CRAC, Ca 2+ release-activated Ca 2+ channel; CREB, cAMP-response element binding protein; DMMB, dimethylmethylene blue; ECM, extracellular matrix; ER, endoplasmic reticulum; FBS, foetal bovine serum; FTHM, full time at half maximum; HDC, high density cell culture; HRP, horse radish peroxidase; IP3, inositol-1,4,5-trisphosphate; IP3R, inositol-1,4,5-trisphosphate receptor; MSC, mesenchymal stem cell; NCX, Na + -Ca 2+ exchanger; NFAT, nuclear factor of activated T lymphocytes; NMDA, N-methyl-d-aspartate receptor; PKC, protein kinase C; PLC, phospholipase C; PMCA, plasma membrane Ca 2+ -ATPase; RMP, resting membrane potential; RT-PCR, reverse transcription followed by polymerase chain reaction; RyR, ryanodine receptor; SDS-PAGE, sodium dodecyl sulphate-polyacrylamide gel electrophoresis; SERCA, sarcoplasmic/endoplasmic reticulum Ca 2+ ATPase; SOC, store-operated calcium channel; SOCE, store-operated Ca 
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Total RNA from HDC was isolated as described previously [6] . were immediately eliminated (n = 10) and no changes in cytosolic Ca 2+ levels could be detected, even in the presence of external 439 Ca 2+ in the bath solution (Fig. 4C) (Fig. 5A) . By contrast, the R-type Ca V (Fig. 5A) .
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Having confirmed mRNA expressions of various VOCCs, we also 475 wanted to check the presence of ␣ 1 subunits at the protein level. protein expression was found to be markedly reduced, without a 532 detectable change in its phosphorylation level (Fig. 6B and C) . By 533 contrast, interference to ER Ca 2+ store functions caused a strong 534 downregulation of mRNAs for ECM components, although mRNA 535 transcript levels of Sox9 were not altered (Fig. 6B ). At the protein 536 level, Sox9 protein expression and phosphorylation status followed 537 the same changes as observed for treatments with nifedipine; Sox9 538 protein level was also found to be decreased, and the phosphory-539 lation status was also only slightly modified following SOCE block 540 (Fig. 6C) .
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Since in addition to modulating in vitro chondrogenesis at the 542 molecular level, these treatments could have altered metabolic 543 activity and/or the cell cycle of differentiating chondrocytes; there-544 fore, mitochondrial activity and rate of proliferation were also 545 determined on day 3 by MTT test and 3 H-thymidine incorpora-546 tion assays, respectively. While neither nifedipine nor combined 547 treatment to prevent Ca 2+ re-uptake into depleted internal stores 548 modulated cellular metabolic activity, both treatments almost 549 completely abrogated cell proliferation (Fig. 6D) . Consequently, Compared to untreated control cells, in the presence of the SOCE 566 blockers both the amplitude (114.4 ± 15.6; n = 16 vs. 58.4 ± 5.6; 567 n = 10; P = 0.01; Fig. 7C ) and the maximal rate of rise (3.9 ± 0.5; n = 16 568 vs. 1.5 ± 0.2; n = 10; P = 0.001; Fig. 7D 
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